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Yo
1. PROJECT: No, 6=1 = Dotermination of the Visual Requirements for Various
Tasks in Armored Vehicles; Subject: Study of Errors in Range Estimation with the

ULQ Unaided Eye.

co ‘as Authority: Letter Commanding General, Headquarters Armored Force,

b Port Ynox, Kentucky, File 400.? /o c\xom), dated Sept.cnber 24, 1942,

« b. Purpose: To study the accuracy of range eatimtion without visual
aids among tank crew trainees with special .reference to (1) degree of accuracy
‘obtained, (2) possibility of preulnction of the more competent individuals, (3)
inprovumt with training, and (4) influence of the character of targets and terrain,

2, DISCUSSION:

a, Range estimation is ome of the most important and, at the same timo,
least accurate element in tank gunnery. Previous studies of visual range estimation
performance have dealt with the average proficiency or lack of it in groups of scl-
diers, the burden of the investigations being concerned primarily with the magnitude
eof the mean errors, and the influence of the distance of the target on the accuracy
of its estimato. In substance, however, the outstanding finding has been that trocps
in general do not estimate ranges accurately enough to secure hits with the first
round of fire, aini that the errors, being of the order of 20% or more, necessitate
uracketing with several rounds, before the target is struck. It seemed desirable,
therefore, to inquire more fully into the measures that might be adopted to improve
this oituation. Such measures might be:

(1) The incorporation of range finders as standard equipment for
tanka, 4L the present time there are none in American tanks in
ccmbat theatres and the current opir on is that the time required
to remove the range finder from its atcwage, mount it, ard use it,
is not frequently available in combat, New types of range finders
aro, however, under consideration for limited issuo, but it is
generally agreed that ths tactical, lighting, and terrain con-
ditions arc not always sullable for their use. Purthermore,
special training may be a complicating requisite for their effect-

ive eaployment,

(2) cCaleulatien of distonce from the sngle subterdad bw the trreet
on a mil scala, For this to be dons accurately, the optical
instrument must be stable, as would be the case with tho tank
telescope if the tank were stationary, but not with binoculars;
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and the sizs of the terget must be known, Time is required
for the calculation; and, more ixpcrtant, the precise target
8ize will not be gsnerally imuwn,

(3) Irt -sive training of tank crewzen in eetimation with the
wnajded sye. As poxated out above, studies of the performance
of msn have generally indicated relatively iuperfect psrformancs,
o may thorefore raise thees guestions:

{e) Can ths techniquo of instruction be improved, with con-
secacnt reduction in the serror of estisate?

{¥) ¥%ould zore intensive instruction of tank cremmin produce
better resuits? (A recent ARG repert, No. 225 on The
Accuracy of Visuel Estimatica of Initial Raaze...concludes
taat ®...an imprevenent in performance by the XNCO category
of personnsl is pessidble by continucus tradning and practice
in rangs estimationv¥.)

() Shculd tanic crewmen, or zmore particularly tank cocxandoers
and gunners, be selected for tbeir proved or putentially
superior capsbilities in range estization? {The antiair-
craft and coxst artiliery coacands devcie several weeks &0
training on neight and range finders, of men prerelscted
for their intelligance ard the excallonce of their visiocn,)

b, 7The range estimaticn records of a large growp of asn for 32 targets on
three different ranges were cbtained for study from the gunnery departaent of the
ARTC. Tnis snalysis undertakss to evaiuate Irvm these reccrds five aspects of the
range estimation probleas

(3) The general level of ccupetence of men in training as tank
oy,

(2) The level of excellience of the 10 most capadbls men of the group,
{3) The degres of improvenent with training.

(&) The relstionship of gemersl vision amd of previous civilian
sxperience Lo acouracy in Judzing distance,

(5) The influence of the character of the tirget o the estimate
of its distsxce.

3. CONCLUSIOKS:

a. The mean arvor for all LA72 ssticates was 26,64, This was consideradbly
highar than the median error of 203 for the reason that cne-sixth of all estizates
were in error by mors than 40X, On ths othar hand, slightly less than cne-third
of all sstimates were oxcapticnslly zood, being incerrect by less than 10%,
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t. Some men possess outstanding skill in estimating distances. There
vere 10 aa in the pressat group whose median error for 32 separate range osti-
aztes was 133 or less; the best having & xadian error of only 8%. These men had
had only sevsral weeke basic =ilitary training prior tc this test,

6, The fallure of the group &s a whole to iampreve in successive axercisss
suggests that the tschnique and extent of instruction does not substantially ia-
arsase the range estimation proficiency of trainees,

d: The best and poorest range &stimatorz of this and of another group of
man, spriially examined, could not ve distinguished cn the bases of civilian oceunpa~
tion, participation in cutdoor sport, wurbsn or rural residsnce, cr vision teszts,

s, The tendency {c underesticate the di-tance 4o targsts with sharp,
woll-dafined contours was consistent. BExamples of such targete were: vohiclss,
conifsrous tress, and range limit mariers. The itargets most frequent.y over-
estimated wers vartly hiddsa objects and those with low contrast, Neither ths
targst!s azizuth nor distence up to 1500 yards sppsared to influcnce the pattera
of exror,

Ao RECCOGNDATIONS:

s, That identification of ths mo~e competent range estizators be regarded
s¢ an importarnt consideratior in the seleciion of tank cccoandsrs and gunners,

b, That the reasons for the apparent aupsriority in range estimation
possessed by scme individuals be furt.sr-investigated as a basis for izproving
range sstimation instruction gemneraily.

¢, That izproved devices and techniquea for ringe estimation instruction
ve sought. )

d. That the influence of the character of the target be pcinted cut in
imparting range sstixzation instruction to mea. In particular, ths tendency to
undsrestimate the distance to targete of sharp ocutiine should be appreciated. 7This
may be of importsnce whan fire is directed at a terrain feature which is selectod
vecause of its inferred proxiiity to an enesy strongpoint.

o, That inwsstigation and develcpaent of built-in tank rangs finder be
continued.

NTE: Ths recxmendations as sst forth {n this project have besa ccacurred in by
gol. Fred W. Makinney, (hief of Staff, Armaared Center.

o
Subritted by:
Arshur Preedasn, Captaia, UC
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APPERDIX I

ACCURACY OF RARGE SSTIMATION

3. iatrecductory,

&, The present study of accuracy of direct range 33timaticn with the un-
sided sys makee use of data obisined {roam troops in the zunnery section of basia
training st the Ammored Replacezent Training Center. Tnere were 32 targete in all,
and on these a total of 4472 separate estimates were zade. The 32 targets were
o3 3 ranges, each renge deing sxploysd in a separats sxersise,

Range 71 - Within the barracks are- of the Post—10 targets, approxie
mately 175 men participeting,

Bange #2 = On Stesle's Piripz Rangs #—in cpen country—10 targets~~
approxizately the sape 175 men.

RBanze #3 - {r Steele's Firing Range £3—in open country-=12 targeto~-
approximztely 95 of the original 175 men,

b, Esuges are routinely estimated by the men in groups of 10 to 20, ez
part of their gunnery instruction courze, under ihe supervisica of an officer or
NCO. Por each rangs, ths individual is given & blank form on which he is instructed
to write a one-word description of the target, and his estizate of the distance inm
Yards alter tbe target is pointed out to him by the instructor, He ie permitted %o
identify the target with dinoculars, but the distanse estimate is sude with the un-
alded eys, At the termination of the exercise the men are told the correct range
to sach turget 2nd thsy then cospute their scoras, It is of intersst that although
the prograx iz intendsd for instrustion, it is genoraily conducted more in the menmner
of an exaainetion, with no clues given by the instructors until the estimates have
been made,

2, Prsrforcance of the Group as a Whole,

3. FPigure 1 gives the overall accuracy of all the estizatas, Fewsr than
& third were within 10% of the true range; approxinately one-half wers within 20%
of the correct distance; and cne-sixth wers more than 40% in errur. The meen srror
waz 26,68, azd the median error was 205, Since this is she only range estimation
practice which many of theze nen receive bafore going overseas ss replacements, it
“ould sesm that they had not developed their skill to a high point of excelliences,

b. Of the entire group,86 of the men ostimated the distances to &li 32
tergete. The distribution of the median estimation errors of thase =& is shown
in Pigure 2, Por this group the mean error without regard to sign was 26,08 with
4 stindard deviatica of # 12,5% and & probable error of the mesn of 4 (J1f.

3. pPerforcance of Superior Indivicuals,
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in renge estimation., Ths best individual estimated all 32 targets with a median
arror of 8% and & mean of 12,337, The median error for ths best 10 men of this
group was 13% or less, Table 1 gives the individual scores of these 10 men, to=
gother with a partial tabulation of the magnitude o their errors on all the
targats, Thess aro compered in the sams table with the parforzmanse of the 10

poerest parformers.

TAELR 1
THE PERPORMANCE OF THE 10 BEST AID 10 POORRST RARGR ESTIMATORS
0" 32 TARGETS °
Arithcetic if Ao, cotimates ¥o, Estimatas
Hedian Uean Accurate In Errer
Naae £ Error 3 Eeror FEithin 0% 505 or more
BEST
: B.J.G. 8 : :‘203 . 19 o
20 R.Jls. 905 Blz 16 1
3. ?.R.Jo lo MQ‘.O 15 o
" TOP.B. 10 1705 12 2
5. %,4.D, 10.5 2.7 15 )
60 '.A.B. n 1895 12 2
70 J.Losc’ 12 1‘#02 1‘6 1
8, X.J.X. 12 19.9 M &
9. R.R.H. 2.5 19.6 i3 2
10, R.7.XK. 3 16,6 11 i
POOREST
o o1.D. 395 101.9 é 12
2. A.A.S, 3445 . 35.5 3 [
3. H.B.7. 33 22,3 9 9
be J.2,2, 32 43.9 5 10
5¢ R.X, 31.5 30,0 [ &
6, H.1L.C 2 40,8 3 9
7. G.G.B, 25 32.1 7 7
8, D.E.X. 28,5 46,8 5 pai
9. R.G.- 28,5 30,3 Y 7
30, M.C.B. 8 29,6 é 5.
{FOR CGIPAR=
ISON)
ALL MEN 290 26,6




Le Influsnce of Training,

2. Ths target distances on Range #l, #2 and §#3 were estinmatad in that
+adar wisth intervals of a few days between excrcises, The scorss indicate that
1he men did rel iepruve in their performance on the succsssive ranges, but

actually tendsl to do more poorly and accordingly did not prafit from their
inatrustaie.

TABLR 2

PERCENT OF ACCUBATE ESTIMATES AND MRAN EREOR BY RANGES

% of Estizates
Accurate withe Mean Error
in 103 of sl1) men
Range §1 Looz; 13.3‘
ng‘ 52 26022 31(.95
Rarge #3 2206‘ ¥ 96‘
ALL TARGETS 26,6%

b, Ths targets and locale of Range £l were undcubtedly more faxilisr
to the men than those on Range #2 ard #£3, since Range £ is in the urban part of
the Post, and Ranges #2 and #3 ere in open coumtry., Thiz resulted ir relatively
greatar accuracy of rarge estimation on Rangs #1 {Table 3). The targets on
Ranges #2 and #3, on the other hand, wers approximately squal with regard to
diffioulty of rangs sstimstion, as saown {n Table 3, wherein it is noted that
the nusber of men making beiter ssaiss on one of these iwo ranges is spproxi-
sately equal to the number of men making better scorses on the other,
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TABLR 2

COUPARATIVE DISTRISUTION OF THE WEAN ESTIMATION ERRORS
OP 86 LEN FOR THE 3 RANGIS ON WHICH THEY WERB
SUCCESSIVELY TESTED AT AROUT 3~DAY INTERVALS

NRIBER O
] YEN
Lower Mean Errors on Range #3 as cozpersd with Range {2 40
Higher * 7% * Rangs £3 *® . * Range #2 45
Fo difference in iMean Errors oa Range #3 &8 ocmpared Y
" with Range §2 8b
Lower Mean Rrers oo Eange #2 3 ccmpared with Range A 29
Righer = * " Range g2 * . * * Bage 4l 2l
85
Lawer Mean Errors oo Rangs £3 a8 coxpared with Rangs #1 23
m E | ] L] ms.g = | ] wﬂ éz
86,
'1

BOTE - Range §i in urban part of Post
Rezges 42 and #3 in open country on firing ranges

Incl,
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APPERDIX II

CONSIDERATICNS RELATIVE TO PRESELECTION

1, Civilian Cccupation and Residence.

The men at the Replscement Center whose range estimates formed the basis
of this study had gone overseas by tho tize analysis of the data was cozpleted,
Conseguently, it was not possitla to interviow or further examine them to dis-
cover any atiributss which might be responsible for the performance of tha best
and poorest individuals, Tne only inforzation available was with regard to placs
of residence and civilian occupation, which, &8 indicated in Table 4, dces not

appear to offer any basis for distinguishing between the superior and poorsr

EToups,

TABLE 4

CIVILIAN OCCUPATICN AND RESIDENCE OF TEM BEST AND TE¥ PCOREST RAMGE RSTIMATORS

Yane Civilian Cccupation Civilian Reaidence
REST
B.J.Ge Farmer Rural Wie,
HadeSe Xone " Mont.
F.Rodo Parmer " Wis,
T.7.Ba il Worker Urdan Xich,
®.A.D, laborer » S. Cs
W.A.B, Kechanis ® Hich,
J.L.S. Electrician . Florida
v.J.K. Clerk " Wis,
R.R.H. Clerk " S. C,
R.F.K. Mechanie " .,
POORZST
J-1.De Farmer Rural Viis,
A.ALS, Farcey . Uich.
H.E.T, ¥inay . ¥onmt,
J.hs2. Yo record -
R.K, No record -
H1.1L.C. Farmor B o,
G.0.B, Clerk Urbsn O,
D.BE.X. - Faroer Rural yo.
B.G.M, Laborar u l.
X.C.B. Hechanio Urban 111,
1
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2, Vision and Particivation in Sport,

ae Acccrdingly more extensive examinations wsre made on other similar
classes of men from the ARTC. The ten best and the ten poorest range estimators
of two classes were given vision tests with the Keystone Telebinocular, and the
ten best and ten poorest of one class were quostioned regarding civilian occupa<
tions and hobbies. The eye tests included cxaminations for acuity, astigmaticn,
binocular fusion and heterphoria, stereopsis, and color vision, The results of
these tests mty be summarized as followu:

Of the 20 best range estimatorss

15 men had complotoly satisfactory vision
1l man was color blind
1 man had moderately diminished viesual acuity ,
. - ‘ 3 man had multiple vision defects

of ‘the 20 poorcst range estimatorss

12 men had campletely satisfactory vision
2 men were color blind

‘2 men were astigmatic

4 men had multiple vision defects:

b, In view of the similcrity between these two groups, it seems that
neither the possession of normal vision nor the existence of visual defects deter-
mined the range estimating ability of this grovp <f men,

Ge Of the 10 best range ostimators who were questioned concarning
civilian sports activitica;

- 4 men were farmers and had ‘hunted extensively
‘ 4 men had lived in the country but had hunted little
2 men were city dwellers with no hunting or golf expereince

-

Of the 10 poorest range estimators so questioned:

5 men were farmers and had hunted extensively
2 men had lived in the country but had hunted little
3 men were city dwellers with no hunting or golf experience

d. It seems unlikely from these comparisons that previcus civilian exper-
ience exerts a consistent influcnce on range estimating ability, although scme men
who mey have been surveyors, hunters, or golfers, undouhbtedly do profit by these.
asttiitien,’

o, By exclusion, the infermmce seems to be that judzment of distance 13 a
spe3ial siill which 1s either inhorent or can be learncd through diligent application;
that it may not be much impaired by moderate vision defects; and that no method is
apparent as ye! for selecting in advance of sctual trial, those individuals whose
porformance 1s likely to be superior to that of other men,

1~




APPENDIX IXI

INFLUENCE OF CHARACTER OF TARGET AND TERRAIN

1. Cortain factora which may concelvably influence the accuracy of range
estimates are thoserelatcd to the nature of the target and its surrounds, in-
cluding {1lumination and contrast.

‘a. In this regard instructions in the Basic Field Manual, U. S, Cerbine,
Caliber .30 M, Fud 23-7 state that: '

Objects secm nearer:

(1) When the object is in bright light;

(2) Yhen contrast is sharp;

(3) vhen the line of sight is over a uniform surface;

(L) When the line of sight is downward;

(5) When looking over a depression most of whish is hidden;

Objects seem more distanti

[1) Vhen looking over a dopression most of which is visible;
(2; Whon there is poor light or fog;

23 ¥hen only a small part of the object can be seen;

L) Whea the line of sight is upward from low grcund

be An analysis of the estinated on the 32 targets confirms the principles
outlined above, to the extent possible in a study of this limited extent., In most
instances the ¢rrore in estimating the distances to targats which were clearly soen
and charply outlined were characteristically underestimates, (- - srsely, scme of
the targets which were overestizated presented indistinct outlises. However,
neither the targets most frequently estimates coriectly (i.e. within 10%), nor :
those with no consistent pattern of error, possessed attributes in common to suggest
an explanation for the pattern of the distance estimates, .

cs Table 5 gives a description of the 32 targets, with their distances
and azimuths, the percentags of accurate estimates, and the percentage of in- )
accurate cstimates, partitioned for over- and underestimatiom.

Incl, £3 b




TARLE 5 S

DESCRIPTION CP TARGETS
ARRANGED IN ORDER OF DECREASING PERCENTAGE CP UNDERESTIMATES

RANT Al - Urban Ares of Pori Knox; Observation Point om Knoll,

Raiii 2 = Piring Rarge in Rolling Count: -; Cbservation Point, Top of Slight Riss.
REXGE #3 =~ Piring Range in Partially Cleared Rolling Country; Observation Foint

: in Flst Clearing.

(Correct estimates ere those within 10% of true range;
erronecus s#tinates are those more than 103 in errer,)

—
.

{ % GO~ ZTTenesus
Tars Vis- rect Estinmates
R2ngti get ' tance: Azi-~ Est i«

Ho,| Ho. Deseriztion Yds, {muth Re=zarks rates | over short

3 4 {Rengs marker 365 K| Sharply outlined, pU 9 75
brightly striped. .

2 3 (Trunk of deed tres | 699 ' NME| Framed by elearing in 18 ia - £S
woods, but beyand the
no0ds,

3 {11 {Jeep near zmall US %! Sharply outlined. 12 i7 . n

shed

3 & jRange marksr 653 SZ| Sharply outlined, 23 33 53
brightly siriped.

i Z2 |Lerge lane cak .| TAC { RNE} On upward slops of 39 4 7

tres clearing,

2 { 6 [Pile screp metal 543 | ENB| Below horizontal line | 23 a2 3
of sight—no cbstruce '
tion to vision.

3 1 }lons pine tree 526 | MNK} Up gradual slope to- i5 30 53
ward haorizon,

2 7 Wedp beody 333 Ef Clearly sesn--contrast|! 24 2% . 82
1w, '

3 | 3 |Brokss track dSody [1OL5 | E¥E| Top of body visible &y 25 . R
thraugh brush~~dead
ground intervening bew
yood crest of upward

i_ slope,

Incl, #3 2




TABLZ 5 (contig)

| 4» (or~} % Erroneous
Tar- Dis- rect 7\ Estizates
2angaf get tarceiizd- Esti-
Mo, :No, ese isn Yds, I Remarks mates | over ishord

1 | & corner of large 513 | E¥E|Sighted dewmward, no a 19 L9

bldg, - cbitruction,

3 | & [Jeep under cedar | 495 | WSH[Trse syz=etrical and 23 28 ! 48

tree sharply outlined. ]
1 | 1 |earracks bldg, 8.3 Anong trees, elevated | 39 18 143
above group of dar-
racks in hollow. ¢
< 2 |Broken dowm truck | L3€ 58 |Incxmpiet sly seen dae 29 29 L2
. tc irreguisr ground,

2 114 (Smal) shed 75 ESB|Seen through trees 28 32
asar permanantly
located tanks.

3 |9 |siack truck 603 ¥WiSeen across hollow 27 3 AT
partly obstructed ,

b’ brush,
2 | &b Rusty breken down! 732 | KNE|Inccrrletely seen 25 34 40
truck dus to irregular
ground, .

3 7 |Telgphone pols 702 S¥ {Low contrast, 20 39 &0
Agsainst woods,

2 8 |[Truck bedy 922 Partly hidden by foli-| 27 37 38
age—indistinct~=con= R !
trast very lwv, :

¢

1 {6 j[Coraer of 558 Signted over high 35 29 | 36

dbarracks coal pilse, . :

2 | 9 Isafety marksy 805 Srightly striped—m 33 32° | 3§
but seen on edge, N .1

3 | 2 |Broken truck body| 785 | EBILiitle zore than cab | 28 37° | 3%-
visible due to brush, : |
terrain irregularity A

> anl low contrast,

i

sem ke,
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TARIX § (contid)

F .'- 1
* % Erronecus )
Tar Dis- rect Estimates T
Rangs| get tance| Azi- Esti- ' )
W Ro, 1o, Pescrivticn Yds. |outh Remarks pates | cv'r |shorsi
3 | 5 Pattered trusk dody | 825 | ESE! Chscured by brush, 33 24 32
Gontrass lao
1 ¢ Corner bldg, 850 ¥} Guly part of bldg, vis~j &3 23 32
ible along paved .
{ strest.
|1 10 IBsttswed pesp 630 | W| Coscured by brush and | 22 L5 3 :
' iow contrast, ' g
2 |1 {Cedor tree— 17 B| On #lightly higher 12 58 30 :
symaetrical zround than 0.P, with .

i pmoderats depressicni\
intervening--seen -

againat sky, ;
3 {32 [Badly battared BB8O | WEA| On eroded slope acrees | 28 il 27 E
DeEp broad ravine. » .
2 | 5 |pare spot ca 1760 | XNE| Ho specific cbjsct as | 42 32 25 :
<istant ridge target. Distance is an i
svea mile,
1 {iC [Barracks 840 | XNN| On eainence partly 63 - 23 ,
. hiddan by traes. ‘
1 | S/frrack body with {831 | NE! Om upward slope of 53 33 13 ?
Yo wheels grass covered clearing .
~uutling snarp. .
]
i1 | 5 Xuae room bldg, 635 BE{ Along straight paved 30 5% 51 i
Nada . M
1 | 7 orner larze 325 | WSH | Lone bldg, on hill=~" | 30 60 . 9
pldge s.nated uprard . :
against sky. .
2 i3 Bpper eaves of 3n W | &aly ©rzar sorner 37 56 ¢
pldg, cf bldg. visibls
along paved street. -
< \
s
4 —
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d, Arranged in similar order, ¥.gurs 3, 3 to p, shows grsphically
the distribution of errors on these targets. ¢n 7 of them, 35¢ or more of the
estimates wers within 10% of the true rangs. Six of these were on the first
rangs, which togethar with the lower avera. 3 error on this range suggests that
targets in urban areas present less difficulty than thcse in open country, Tosre
3as 2 tendency to wderestizate the distences on 19 targets, ic overestimate on 8, !
while on 5, although the errors were numerous, no patter of error was discernitle, :
Table 6 1isis those targets which ware most strikingly over= or urderestimated,
and preserts the predczinant character of error on them for all the zen, 2nd for :
the 10 best men., Sincs the erzors of both groups of xen L& in the saze direction !
on both sets of targets, the impression is gainsd that the type of errcr is & .
function ol the target rather than of the individuals deing the estimating. Kor i
did it appear that the pattern of error for &ny one z&n wms characteristisally i
ovar or short, . J

¢, Thase cbservations might be applicable to specific cambat situations
confronting armored crews, When the ranges xzust be estimeted o a terrain feature g
in ths vicinity of which an erexy strongpoint is suspected, the estimate is very !
iikely to be more than 103 chort if the cbject is one which has sharp outlinss,
If the target bs a wehicls, or a tree, for exampls, its distance will tond to be *
inderestizated 4L its contours are sharp, and oversstinmatad if only part of it
is seen, and that indistinetly., -

’
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TARLE 6

CQMPARISON (F PERFORIANCE C2 ALL MEN WITH THAT
OF 10 BEST MEN (i SELECIED TARGEIR.

xrors of aill mea¥] Errors of best 10 Conw
- Targets ]
Range [Target |Consistently Lof| £ £ Ko, of asn| Ho, of zen
 Jo. No, iUndersstirmated To Under cYer under
3 4 |Range marker, 365 yds. | &% § 75 0
3 Trunk of dead tree in 2 41 7 0 4
clearing, 639 yds, :
3 11 |Jeep st close rangs, (P 0 6~
1‘69 wa )
6 |Range msrier, 653 yds, | 76 13 63 o} 2
1 2 |[largs love o2k, a & 7 0 3
730 ?d's :
2 § |[Pile of scrap mstal T a 56 1 &
in field, 543 yds,
Targete
Consistently
Crerestimated
1 8 [rper froct part of bidg &2 56 6 5 1.
'visible alcng street, :
371 yds,
b | 7 [Corzsr large bldg. on &9 60 ¢ 4 1
hill, 325 yds. -
1 5 Bhed visible at end 7 5 1 5 o
il street, 635 yds,
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FIG. 2 s

MEDGIAN RANGE ESTIMATION ERRORS OF 86
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FIG. 3 A-P
DESTRIBUTION OF RANGE ESTIMATION
ERRORS FOR EACH TARGET.
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